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本论文的主要目的是探明 Rh/SiO2 和 Rh/Al2O3 催化剂上甲烷部分氧化
（POM）制合成气反应的机理。在论文的第一部分工作中，采用低温 N2吸附、
O2化学吸附和 H2-O2滴定、TEM、XRD 和 H2-TPR等技术对催化剂进行了表征，
并考察了不同温度下催化剂的反应性能，以此确定相关催化剂上 POM反应的起
燃温度。在此基础上，通过脉冲反应技术考察了不同烷氧比的 CH4/O2混合气在
不同催化剂装量的床层上的 POM反应情况，确定 Rh/SiO2和 Rh/Al2O3 催化剂床
层的氧化区（原料气中 O2未耗尽的区域），并进一步在与氧化区长度相当的催化
剂床层上考察甲烷的水蒸气和二氧化碳重整等反应情况。在 700 °C、流速为 120 
ml/min 的条件下向不同催化剂装量的 4wt% Rh/SiO2和 3wt% Rh/Al2O3床层上脉
冲 CH4/O2/Ar = 2/1/97混合气的实验结果表明，两种催化剂床层氧化区上均可获
得较高的 H2和 CO选择性。CH4/H2O/Ar = 2/2/96，CH4/CO2/Ar = 1.8/0.5/97.7和
CH4/CO2/H2O/Ar = 1.8/0.5/1.8/95.9等混合气在 4wt% Rh/SiO2和 3wt% Rh/Al2O3
催化剂上的脉冲反应结果进一步表明，无论是 CH4的水蒸气重整、CO2重整还是
在水蒸气和 CO2 重整同时存在的情况下，重整反应对这两种催化剂床层氧化区
上 H2和 CO生成的贡献均较小，H2和 CO的生成主要是源于 CH4的直接氧化。 
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Abstract 
This dissertation focuses on mechanistic study on the partial oxidation of 
methane (POM) to synthesis gas over Rh/SiO2 and Rh/Al2O3 catalysts. At first section, 
the catalysts were characterized by N2 adsorption at low temperature, metal dispersion, 
TEM, XRD and H2-TPR techniques. Catalytic performance of the catalys s were 
investigated at different temperature to make sure the ignition temperature of POM 
reaction. The pulse reactions of CH4/O2/Ar = 2/1/97 mixture over different catalyst 
bed of Rh/SiO2 and Rh/Al2O3 catalysts at 700 °C with a contact time less than 1 ms 
were used to ensure the oxidation zones where O2 was still available in the reaction 
feed, It was found that the pulse reactions of CH4/O2/Ar = 2/1/97 mixture attained 
high selectivities of CO and H2 over both catalysts. then we investigated the catalyst 
performance of CH4/H2O/Ar = 2/2/96, CH4/CO2/Ar = 1.8/0.5/97.7 and 
CH4/CO2/H2O/Ar = 1.8/0.5/1.8/95.9 mixture over catalyst bed of the oxidation length 
in detail. The results of pulse reactions indicated that the formation of CO and H2 
mainly resulted from the direct partial oxidation of CH4 while the stream and CO2 
reforming reactions played only a minor role in the catalyst bed of the oxidation 
length.  
    At second section, isotopic tracing experiment of H-D and 16O-18O were used by 




mixture over catalyst bed of the oxidation length of Rh/SiO2 and Rh/Al2O3 catalysts 
to indentify the major reactions responsible for synthesis gas formation. The results of 
H-D isotopic experiments inferred that a large amount of H2 over both catalysts came 
from direct oxidation of methane under the existed condition of CH4/O2/D2O/Ar 
mixture compared to the stream reforming circumstance (CH4/D2O/Ar). We also 
found the results that C16O was major products of carbon monoxide over 
CH4/
16O2/H2
18O/He mixture in the oxidation catalyst bed over Rh/SiO2 and Rh/Al2O3 
catalysts suggested that the major reaction responsible for synthesis gas formation 
was pyrolysis of methane to form hydrogen carbon adspecies followed by coupling of 
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